Background: The aim of this study was to identify prognostic indicators of survival in patients with locally recurrent soft tissue sarcoma (STS) through a long-term follow-up.
Soft tissue sarcomas (STSs) are a heterogeneous group of rare malignant tumours that account for approximately 1% of all adult malignancies in Europe and the United States (Weitz et al, 2003; Fernebro et al, 2006; Jemal et al, 2007) .
In patients with primary diagnosed STS, the therapy of choice involves limb-sparing surgical resection with clear margins, usually followed by radiation treatment to decrease local recurrence (Singer et al, 2000; Kaushal and Citrin, 2008) . There have been several analyses of the prognostic factors influencing overall survival in patients with primary STS (Collin et al, 1987; Gaynor et al, 1992; Pisters et al, 1996; Pisters and Pollock, 1999; Matsumoto et al, 2003) . Among these factors, histologic grade, depth, anatomic site, tumour size and histologic subtype are considered the most significant for overall survival. The achievement of negative surgical margins in primary STS has been determined to be an important factor for improving local disease control. However, in the case of local recurrence, the attainment of negative surgical margins may require extensive surgery and could result in a loss of extremity function. Although reconstructive plastic surgery can frequently reduce functional impairment and cover soft tissue defects, particularly in cases of large tumour size or location adjacent to critical anatomic structures, the surgical approach to attaining negative margins in locally recurrent disease is associated with considerable morbidity. Furthermore, the impact of negative surgical margins on overall survival in locally recurrent STS is still a subject of debate, and published studies investigating the clinical significance of surgical margins in locally recurrent STS have presented inconsistent results (Sadoski et al, 1993; Karakousis et al, 1996; Ueda et al, 1997; Karakousis and Driscoll, 1999; Trovik et al, 2000a Trovik et al, , b, 2001 Stojadinovic et al, 2002a, b; Eilber et al, 2003; Gronchi et al, 2005; Novais et al, 2010) . In addition, the reported follow-up data in these studies were not restricted to patients with local recurrence and included the time between primary diagnosis and initial local recurrence, without specifying the post-recurrence follow-up length. However, longer follow-up periods seem reasonable, especially for slow-growing STS subtypes. Therefore, the question remains whether aggressive local disease control would have a positive long-term impact on post-recurrence survival (PRS) in STS patients.
The aim of this study was to identify prognostic indicators of survival in patients with locally recurring STS by reviewing our institutional experience. In particular, we focused on the effect of surgical margins on disease outcome after initial recurrence and definitive surgical treatment.
MATERIALS AND METHODS
Patients. Between January 1990 and September 2007, 178 adult patients with locally recurrent STS of the extremities or trunk were treated at our institution and recorded in the prospective database of the Soft Tissue Sarcoma Register of the BG University Hospital Bochum. These patients experienced locally recurrent disease at least 3 months after definitive surgery on the primary tumour, which had been performed at our or other institutions. Patients from other institutions were subsequently referred to our centre after the diagnosis of local recurrence. All 178 patients had locally recurrent tumours, which were suitable for further surgical resection. From this entire group, we excluded dermatofibrosarcoma protuberans (6 patients), as this STS subtype has a low metastatic potential. Furthermore, 37 patients, including patients from foreign countries, were lost to follow-up. We restricted analyses to participants with full outcome information. The remaining 135 patients were assessed, and their clinicopathological characteristics are summarised in Tables 1, 2 and 3 . Patient followup was obtained from our STS database, medical records and patient correspondence.
All data were obtained from the Soft Tissue Sarcoma Register of the BG University Hospital Bochum, which was initialised in 1991. Patients gave a signed informed consent, which was approved by the ethics committee of the BG University Hospital Bochum.
Treatment. The goal of surgical treatment for all patients was resection of the recurrent tumour with clear margins according to the preoperative imaging results. This resection included the scars from previous surgeries, biopsies and wound drainage. If necessary, local or free flaps were used for coverage of the resulting defects.
Based on prognostic factors predicting an increased risk of disease progression, several patients received after surgical treatment of primary tumour adjuvant radiation and/or chemotherapy using generally anthracycline-based regimens. The indication for adjuvant radiation or chemotherapy was given at the discretion of the interdisciplinary tumour board of either our institution or the referring institutions.
Thirty-six patients with G2 and G3 tumours received adjuvant radiotherapy after resection of their primary tumour with a median overall dose of 60.9 Gy (range: 30.6-70.0). Further 34 patients underwent first adjuvant radiotherapy after initial or second local recurrence with a median overall dose of 62.3 Gy (range 44.1-68.0). Five patients received adjuvant chemotherapy of primary tumour. Four of them were treated with doxorubicin combined with ifosfamide and one of them received epirubicin with ifosfamide.
Histopathological classification. All tumours were diagnosed and classified using the guidelines of the French Federation of Cancer Centres (FNCLCC) and the latest World Health Organisation (WHO) by the Institute of Pathology at the Ruhr University of Bochum, Germany (Fletcher, 2006) . Both the Institute of Pathology and the Department of Plastic Surgery are part of the Sarcoma Reference Center at the Ruhr University of Bochum. All pathology slides were analysed or reviewed for consensus diagnosis by experienced soft tissue pathologists. In specialised cases, an expert second opinion was obtained in Germany (Professor Katenkamp, Jena) or in the United States (Professor Fletcher, Boston). The following histopathological types were included in this study: liposarcoma, pleomorphic sarcoma not otherwise specified (NOS; formerly known as malignant fibrous histiocytoma, MFH), leiomyosarcoma, fibrosarcoma, myxofibrosarcoma, clear cell sarcoma, spindle cell sarcoma, synovial sarcoma and malignant peripheral nerve sheath tumour.
Statistical analysis. All patients were retrospectively analysed regarding possible prognostic factors influencing survival after initial local recurrence (Table 1) . PRS was defined as the time period from the date of surgery for initial local recurrence to the date of death from any cause. Survival rates were estimated according to the Kaplan-Meier method with respective 95% confidence intervals (95% CIs) and were compared using the logrank test. Multivariate analyses were performed using the Cox proportional hazards model. Variables that were associated with Po0.1 in the univariate analysis were included in the multivariate regression to assess independent prognostic factors for survival. Po0.05 was considered statistically significant. The data analysis was performed using the statistical program Stata (Version 11.2, StataCorp, College Station, TX, USA).
RESULTS
Patient characteristics and surgical margins. The mean age at the time of initial recurrence was 58.5 years (range 16.8-87.9). There were 70 men (51.9%) and 65 women (48.1%). Tumours were located in the lower extremities in 78 patients (57.8%); in the upper extremities in 35 patients (25.9%); and in the trunk, including the limb girdles, in 22 patients (16.3%). The distribution of the histologic grading was G1 in 20 cases (14.8%), G2 in 55 (40.7%) and G3 in 60 (44.4%). In total, 45 patients had one local recurrence, whereas 90 patients had two or more local recurrences (range 1-29). Moreover, 123 patients had only localised disease at the time of initial recurrence, and 12 presented with concurrent metastatic disease. Over time, 42 more patients developed distant metastases, and 44 of the 54 patients with distant metastases had pulmonary metastases. The Kaplan-Meier estimated rate of 5-year distant metastasis-free survival after recurrence was 72.9% (95% CI: 63.7-80.1).
In order to determine the impact of surgical resection margins on survival, we analysed the two following variables. In 'status of surgical margins after last resection of locally recurrent tumour' (Table 1, Figure 1F ), we assessed survival depending on the resection status (R0 vs R1/R2) that was achieved at the last resection of the locally recurrent tumour. The last resection led to microscopically negative margins (R0) in 76 patients (56.3%), whereas 59 patients (43.7%) were left with positive margins (R1/R2) at the end of surgical therapy. In those cases of positive margins, recurring tumours infiltrated critical anatomic structures, such as large-extremity nerves, or were too advanced and widespread for complete resection.
In 'attainment of negative margins (R0) during course of disease' (Table 1, Figure 1E ), we compared the survival of patients in whom R0 status was neither attained in the resection of the primary tumour nor in the following resection(s) of the locally recurrent tumour(s) with the survival of patients who underwent at least one R0 resection during the course of disease. Here, 41 patients (30.3%) underwent only incomplete resection (R1/R2) of local disease since primary diagnosis and therefore lived throughout the course of the disease with residual tumour tissue. Ninetyfour patients (69.6%) underwent at least one R0 resection since primary diagnosis.
Follow-up. As of February 2013 (cutoff date), the reverse Kaplan-Meier estimate of median follow-up after initial recurrence was 12.3 years (95% CI: 10.4-14.2; Schemper and Smith, 1996) , whereas the minimum post-recurrence follow-up duration was 5 years for patients who were alive at the cutoff date.
Recurrence-free time from primary diagnosis to initial recurrence. The median recurrence-free time calculated from primary diagnosis to initial recurrence was 15.7 months (95% CI: 10.9-20.0) for the entire cohort (Table 3) . Leiomyosarcoma patients had a lower median recurrence-free interval (9.0 months; 95% CI: 3.8-9.9).
Survival. The total median survival times were 6.2 years after initial recurrence (95% CI: 4.4-7.6) and 1.5 years after the diagnosis of distant metastasis (95% CI: 0.93-2.17; Table 3 ). In the entire series, the 5-year estimate of the PRS rate was 53.1% (95% CI: 44.3-61.2), whereas the estimated 5-year rate of survival after Table 2 ). Patients with longer time intervals from primary diagnosis to local recurrence had improved survival ( Figure 1C ). Initial recurrence, which occurred X2 years from primary diagnosis, was found to be a predictor of better outcome (5-year PRS of 68.1%; 95% CI: 53.3-79.1) compared with earlier recurrence (5-year PRS of 45.2%; 95% CI: 34.4-55.5; P ¼ 0.042). Notably, patients with more than two resected local recurrences tended to have prolonged PRS compared with patients who developed only one or two recurrences (5-year PRS: 62.9% (48.6-74.2) vs 47.8% (36.6-58.2)) ( Figure 1D ), but the difference was not statistically significant in the univariate analysis (P ¼ 0.074). Concurrent metastasis at the time of initial recurrence was associated with significantly worse PRS compared with only localised disease (5-year PRS: 16.7% (2.7-41.3) vs 57.5% (39.7-69.6); P ¼ 0.0001). STS arising in the trunk appeared to have a worse prognosis compared with extremity lesions (5-year PRS: 45.5% (24.4-64.3) vs 55.5% (45.8-64.1); P ¼ 0.049).
Patients who underwent only incomplete resection of local disease since primary diagnosis and therefore lived throughout the course of the disease with residual tumour tissue had an outcome similar to patients who underwent at least one complete resection with the attainment of negative margins (5-year PRS: 56.1% (39.7-69.6) vs 52.9% (42.3-62.4); P ¼ 0.2; Figure 1E ). However, the surgical margin status attained by definitive resection of the recurrent tumour influenced PRS and survival after the final surgical treatment ( Figure 1F, Figure 2 , Table 4); microscopically negative margin status was associated with better PRS compared with positive margin status (5-year PRS: 56.2% (44.3-66.5) vs 50.8% (37.5-62.7)), although this survival distribution failed to reach statistical significance in the univariate analysis, and a borderline P-value was attained (P ¼ 0.059). Considering survival after the last resection, complete resection of the locally recurrent tumour with negative margins resulted in significantly more favourable survival for the entire group (5-year survival after last resection: 46.7% (35.2-57.5) vs 35.5% (23.4-47.8); P ¼ 0.01; Figure 2A , Table 4 ). Only the cohort of patients with concurrent distant metastasis at the point of the last resection did not gain a survival benefit from R0 resection of the locally recurring tumour.
Multivariate analysis of survival. In the Cox model, significant prognostic factors for PRS were histologic grade, tumour site, the time to initial recurrence, the number of recurrences and the surgical margin status attained at the last resection (Table 5) . The hazard ratio (HR) for death after recurrence was 1.8 (95% CI: 1.02-3.18) for STS arising in the trunk compared with extremity lesions (P ¼ 0.043). Recurrence o2 years from primary diagnosis was also associated with an increased HR for death after recurrence (HR 1.75; 95% CI: 1.08-2.81; P ¼ 0.022). Survival after three or more recurrences was a predictor of a diminished HR (HR 0.48; 95% CI: 0.27-0.84; P ¼ 0.010). Concurrent metastasis at initial recurrence was an indicator of worse survival in the univariate analysis, but this finding was not significant in the multivariate analysis (P ¼ 0.068). Patients with G1 tumours had more favourable survival than patients with G2 or G3 lesions. The Cox model demonstrated that surgical attainment of negative margins at the last resection was associated with a significantly lower HR for death. The HR for negative compared with positive margin status after the last resection was 0.57 (95% CI: 0.34-0.94; P ¼ 0.026).
DISCUSSION
In more frequent malignancies, such as breast cancer, melanoma or colon carcinoma, large clinical investigations with emphasis on PRS have already been performed. Prognostic determinants of PRS were characterised and based on follow-up data referring to the time after initial recurrence. Furthermore, patients with local recurrence were analysed separately and not mixed with those patients who presented with primary tumours. However, several studies on large series of STS patients have extensively outlined the survival of the subset of patients with recurrent disease. In these studies, the total follow-up after primary diagnosis ranged from 48 to 107 months, including patients without recurrence (Ueda et al, 1997; Stojadinovic et al, 2002a, b; Gronchi et al, 2005) . Another large study assessed survival data from 107 patients with locally recurring STS but reported explicit follow-up data only for those patients without recurrence (Trovik et al, 2001 ). However, an appropriate analysis of the influence of surgical margins on survival in STS patients requires a long-term follow-up after surgical treatment. In a series from Memorial Sloan-Kettering Cancer Center, Lewis et al (1999) revealed that patients with microscopically positive margins after the resection of primary tumours were at higher risk of post-5-year disease-specific mortality. Stojadinovic et al (2002b) and Gronchi et al (2005) made similar observations for patients with positive margins in a large series, indicating that surgical margin status may have a greater prognostic influence later in the natural history. Therefore, the long-term follow-up of patients with positive resection margins is critical in interpreting survival. Although local recurrence alone is a poor prognostic sign, with reduced survival rates (Pisters et al, 1996; Lewis et al, 1997) , numerous clinical and pathologic variables continue to be significant in predicting survival following initial local recurrence. Here, similar to findings observed in other malignancies, late recurrence and low histologic grade were associated with improved survival. Furthermore, STS recurring in extremity locations appeared to have a significantly better prognosis compared with non-extremity lesions in our series. This observation is consistent with previous findings for primary STS. Gutierrez et al (2007) reported that patients with primary extremity lesions had a higher median survival time than those patients with truncal lesions. It seems reasonable that tumours with such different sites may exhibit different clinical behaviour and altered survival, but it should be noted that complete resection of extensive tumours and adequate local control are more difficult to achieve in the trunk wall (Salas et al, 2009 ). Initially, it may seem surprising that patients who experienced more than three recurrences presented a significantly better outcome than patients with fewer recurrences. This phenomenon can be traced back to the fact that recurrence could only occur successively in those patients with a priori prolonged survival times. Hence, the favourable effect of three or more recurrences on PRS is presumably due to the selection of a patient population that can undergo resection and survive recurrences several times. However, differences in tumour biology can also provide a potential explanation for this observation: tumours that recurred three or more times might have been locally aggressive but failed to facilitate metastasis at an early stage, so that several recurrences could occur in an apparent prolonged survival time. In contrast, biologically more aggressive tumours with higher metastatic potential led to metastatic disease before three or more recurrences could occur resulting in an impaired survival and, thus, fewer survived local recurrences.
Another interesting observation was that only 36 of 115 patients with G2 and G3 tumours received adjuvant radiotherapy after resection of their primary tumour. Retrospectively, we could not determine why adjuvant radiotherapy was not performed in these patients. However, it must be stated that we analysed a selected group of patients where local recurrence definitely occurred. This implies a selection bias that might explain the observation why so many patients did not have adjuvant radiotherapy of their primary tumour and that this lack of adjuvant radiotherapy could be one potential risk factor for developing local recurrence. The fact that so many patients of this series (79 out of 115) did not receive adjuvant radiotherapy of their primary tumour could be the reason itself why these patients had suffered local recurrence. However, this is only a presumption that cannot be proven by this retrospective analysis.
It is well known that the rarity and heterogeneity of STSs pose diagnostic and therapeutic challenges. Over 50 different histologic subtypes comprise STS, and their impact on patient outcome is equally heterogeneous (Poremba, 2006) . In the current series, we sought to determine whether any of the nine encompassed histotypes demonstrated prognostic significance. Here, although certain histotypes were statistically significant predictors of PRS, these findings have to be interpreted with caution because of the small number of patients affected by these histotypes.
One of the main aims in this study was to assess whether complete resection with negative margins has an influence on the long-term prognosis of patients with already recurrent STS. In this series, the surgical margin status that was attained by the final surgery of the local recurrent tumour had prognostic significance for long-term survival. Similar findings were made by Gronchi et al (2005) in a subset of 269 patients with locally recurrent STS through a follow-up of 107 months after primary diagnosis.
In their series, the effect of surgical margins on survival was found to be more striking in patients with already recurrent STS than in patients with primary STS.
These findings might initially suggest an aggressive surgical approach with the goal of attaining negative margins to improve survival. However, it is also probable that recurrent tumours that cannot be completely resected have more aggressive biological features than completely resectable tumours and thus impair the outcome more substantially. In accordance, most of the large studies that analysed prognostic factors in primary STS found a correlation between resection margins and final outcome, but they concluded that it is the inherent aggressiveness of the tumour that dictates both the surgically attainable margin status and the final outcome (Pisters et al, 1996; Trovik et al, 2000a; Stojadinovic et al, 2002a, b; Zagars et al, 2003) . They argued that positive margin status is rather a result than a cause of biological aggressiveness and that it does not influence survival directly.
In our study, positive margins per se did not influence survival: in 'attainment of negative margins (R0) during course of disease', we compared the survival of patients in whom R0 status was neither attained in the resection of the primary tumour nor in the following resection(s) of the locally recurrent tumour(s) with the survival of patients who underwent at least one R0 resection during the course of disease. Interestingly, patients who underwent only incomplete resection of local disease since primary diagnosis and therefore lived throughout the course of the disease with residual tumour tissue had similar PRS to patients who underwent at least one complete resection with negative margins. Thus, not every non-R0-resectable, recurrent tumour or positive margin respectively was strictly associated with impaired survival.
In contrast, tumours that had recurred despite previous R0 resection and had not been approachable for R0 resection anymore seemed to progress more aggressively. These recurrent tumours derived from micrometastases in the tissue around the original location, which were left despite previous R0 resection and might be selected out from biologically more aggressive tumour cells, which display higher invasive and metastatic potential and, thus, impeding a R0 resection afterwards and facilitating metastatic disease. However, the impact of viable but primarily histological inapparent residual disease in the post-resection tumour bed needs to be prospectively assessed by determining the influence of the surgically achieved width of the surrounding healthy tissue on recurrence and survival.
Finally, the reservation must be made that our series included only patients with locally recurrent STS, which were suitable for further surgical treatment. Patients with local recurring tumours that could not be approached surgically because of rapid disease progression and therefore with less favourable outcome were not assessed in this study. Consequently, our findings on survival indicators are only applicable to the selected group of patients where further surgical treatment is possible and not to all patients who develop local recurrence after surgical resection. This implies a study selection bias that has to be acknowledged.
In conclusion, this study provides long-term follow-up data that may help clinicians estimate the prognosis of patients experiencing an initial recurrence more accurately and to guide clinical decisions after this emotionally devastating diagnosis. Adverse prognostic features include early recurrence, truncal location and high-grade histology. Furthermore, the data from this study underscore the long-term benefit of negative margins achieved at the end of surgical treatment in patients with locally recurrent STS without distant metastases. The biology of the recurring tumour might dictate the outcome, but given the diminished outcome of patients left with positive margins, surgical efforts should aim to achieve microscopically clear margins during the resection of recurrent tumours. However, we cannot retrospectively conclude that the achievement of negative margins at any cost would have improved PRS in patients with positive margins. When the goal of achieving clear surgical margins will require amputation or major functional impairment of the extremity, a decision should ultimately be made in each case based on the biology of the STS, the health status of the patient and, last but not the least, the decision of the informed patient. 
